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RRM requirements for mmWave will be tested in an OTA setup. Consequently, the requirements should also be defined in a way that is suitable for OTA testing. In this paper we discuss some general issues related to the definition of the requirements for mmWave.
2. 	Discussion
3GPP RATs developed for operation in the sub6 frequency range relied on conducted testing and the reference point for the requirements was the antenna connector. Antenna connectors are not available in mmWave, hence, there is a need to introduce a new reference point.
In OTA testing, the signal power received by the DUT (actually the electric/magnetic flux density at a certain point inside the testing chamber) can be measured and calibrated by knowing the transmit power and the gain of a reference antenna that is placed at that point. This point can be set arbitrarily as long as the distance between this point and the DUT is known. A similar discussion is ongoing for choosing a reference point for EIS measurement [1] and the simplest solution would be to use the same reference point for defining RRM requirements. This point could be the center of the UE (DUT).
The size and the placement of the device in the chamber are known. As such, the calibration for the receive power level can be done by placing the reference antenna at the point where the center of the DUT will be during the actual test.
Proposal 1. Use the same reference point as in the EIS definition.
Another point of discussion raised so far was how to deal with the antenna gain, whether this should be considered in defining the requirements or not. As a general principle, we believe that the requirements(including setting of side conditions) should not have any dependency on the UE antenna gain. From a system point of view, what matters is that a UE has a certain behavior or performance under certain conditions. In other words, from a system planning/ deployment point of view, it is important that UE performance is predictable under certain conditions that can measured/evaluated. Different UEs could have completely different implementations (different number of antenna arrays, elements per array, element gains, etc), requirements should be agnostic to these details and just ensure that the UE will meet certain performance criteria under the given conditions. The UE could be treated like a black box that should behave in a certain way under some given external conditions.
Proposal 2. Requirements should not depend on UE implementation(e.g. antenna gain) as much as possible. 
Some RRM requirements are defined with side conditions of SINR (Es/IoT). In previous meetings it was suggested that this SINR should be the SINR measured at the UE baseband (after Rx beamforming/combining) [2]. We do not believe this is the right approach, the SINR should also be measured at the same reference point as other paramters(Rx signal level). The main reason for this proposal was that the baseband SINR will depend on the UE antenna implementation and could be different for different UEs under the same conditions. We would like to point out that there is no reliable way to determine the baseband SINR seen by the UE so it would be very difficult to build a meaningful test if requirements are defined in such a way. Furthermore, from a system point of view, it is important to know the minimum performance of the device under conditions that can be directly measured. Defining requirements based on the SINR seen at the UE baseband will make it impossible to predict the UE performance under conditions that can be measured in the field.
For example, it is expected that the cell/beam identification requirement will have an SNR side condition (e.g. >-6dB in LTE). This SNR value should be measured at the same reference point in space as all other RRM requirements (e.g. center of UE) and should not depend on UE antenna gain. This way a certain minimum field performance can be guaranteed.
If RF requirements (EIS) establish a minimum antenna gain then the SNR value could be adjusted by taking this into account, however, this would need further discussion. 
Proposal 3. All side conditions should be defined/measured at the same reference point used for the requirements.
If there is a need to control the SINR in some tests, this should be discussed when the tests are developed.
UEs will likely employ some form of receive diversity. For measurements that can be performed over different receive branches, the UE is usually required to pick the maximum of the 2 branches(e.g. RSRP, RSRQ). This principle should be kept for NR and was also proposed in [2]
[bookmark: _GoBack]Proposal 4. The reported value for RRM measurements (e.g. RSRP,RSRQ, etc) should be the maximum of the diversity branches.
In LTE, all the requirements were defined at the UE antenna connector and this corresponded to a receive branch(number of antenna connectors was same as number of receive/diversity branches) so there was no ambiguity in the definitions of what should be reported and how.
For mmWave, the antenna connector does not exist anymore and there could some ambiguity on what signals the measurements should be performed. Active antenna array that will be used in mmWave devices coherently combine the signals from multiple antenna elements and the baseband processes the combined signal. As such, all the measurements should be performed on the combined signal that is input to the UE baseband receiver. This should automatically include the antenna gain(array gain resulting from combining multiple singals from difference elements). 
In order to avoid ambiguities, a new concept of receiver branch or diversity branch or baseband receiver(or baseband port) should be defined. This should simply mean that the signal on which the measurements are performed on the baseband signal and devices could have multiple such “ports” with combined signals coming from different antenna elements. 
3. 	Conclusion
In this paper we presented some high level principles of how to define RRM requirements that will be measured OTA. We propose the following:
Proposal 1. Use the same reference point as in the EIS definition.
Proposal 2. Requirements should not depend on UE implementation(e.g. antenna gain) as much as possible. 
Proposal 3. All side conditions should be defined/measured at the same reference point used for the requirements.
Proposal 4. The reported value for RRM measurements (e.g. RSRP,RSRQ, etc) should be the maximum of the diversity branches.
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